Nowadays, the most applied insulation material in the building sector is the expanded polystyrene. Different types of expanded polystyrene are used but more widely used is the graphite added type. Our research focuses on the analysis of heat conductivity and sorption properties of expanded polystyrene as these two are the most important physical properties from energy saving point of view. In this paper, the variation of heat transfer coefficient of an insulated wall is analysed in function of humidity content of insulation material. Brick and concrete walls with 0.4 m thickness were chosen for substrate and 0.1 m expanded polystyrene (30, 100, 150, 200 and the so-called grey expanded polystyrene) materials were applied as insulating layers. The investigations of sorption behaviour of the materials are important from the point of view of fundamental research and building technology as well. Sorption data taken from our previous measurements results were used for predicting the change of the overall heat transfer coefficients of different wall structures constituted this way. Practical application: The present technical note is based on our previous measurement results. Water can cause undesirable changes in the building structures and introduced in this article. During the fixing procedure of the additional insulating of a given building bad weather conditions (high relative humidity and/or low external temperature) can dominate. These phenomena can be imagined for building new houses. By the 'in-building' of the moisture into the wall structure, numerous and measurable change can happen in the U-value of the building envelope. The presented changes are estimations only, but can be used and can also help for planning and executing the insulating process.
Introduction
By additional insulating one can not only reduce heat losses, probably energy bills of the buildings but also can make his house more comfortable. Efficient building insulating can shorten the heating period as well as the effects of the thermal bridges can be reduced. Energy minimising and reducing the CO 2 , as well as the green house gases are well-known concepts. Other reasons for the 'thermal packing' of the buildings are the extension of the lifetime of the buildings, the protection of the bearing layer against ice and mechanical impacts, furthermore the market value of the buildings is increasing. Expanded polystyrene (EPS) is thought to be a reasonable insulating medium, which exhibits consistent thermal performance. Its low prize and relatively low thermal conductivity can anticipate its extensive application.
Materials and methods
In this paper, we give predictions for the change of the overall heat transfer coefficients of the building structures in function of water content. Water can cause undesirable changes in the physical, chemical and mechanical properties of the solid materials. [1] [2] [3] [4] [5] [6] [7] Our calculations are based on our previous measurement results. 5, 6 Measurement methods Both the sorption and the thermal conductivity measurements were carried out after drying the samples in a VentiCell drying instrument. With this device materials can be dried setting different air temperatures (up to 523 K). It works with hot air circulation using an inbuilt ventilator. For the sorption measurements, three EPS samples with 8 cm Â 8 cm Â 5 cm geometries were prepared from the original pieces to perform the measurements on three specimens from the same material. The expanded polystyrene materials were produced in the Cellplast Plastic Ltd in Hajduszoboszlo´. The main steps through the sample preparations were as follows. After the preparation of the raw material, the samples were taken to the pre-expander and were heat treated at 368 K. From the pre-expander, the dried materials were exposed to a half day conditioning. Then, the moulding and the second conditioning of the semi-prepared samples came after. On completion of the sample preparing they can be dimensioned. The results were obtained by averaging of three measurements. Before treating the samples in the ClimaCell (CLC) climatic chamber, samples were dried to changeless weight at 343 K under normal atmospheric pressure (10 5 Pa) at all times. This temperature was chosen because it is fairly under the melting point of the polystyrene (about 373 K) and during the dehydrating process at this temperature, the material does not suffer losses in its physical and chemical properties. To determine the sorption curves (moisture content of material in function of relative humidity (RH%) of air at 293 K) the samples were kept in the CLC chamber under 25, 50, 63, 76 and 90% RH for 240 min. The moisture content (!%) of a solid material can be calculated from the following simple equation (equation (1))
where m d and m w are the mass of the dried and the damped samples, respectively. For measuring the thermal conductivity of each polystyrene samples, Lambda 2000 Heat flow meter was used. This equipment is designed to determine the thermal conductivity of insulation materials in accordance with standard ASTM C518 and ISO 8301 protocols. A sample with 30 cm Â 30 cm Â 5 cm geometry is placed in the test section between two plates, which are maintained at different temperatures (T 1 ¼ 285 K and T 2 ¼ 295 K, with T mean ¼ 290 K) during the test. After achieving thermal equilibrium and establishing a uniform temperature gradient throughout the sample, thermal conductivity is determined. To determine the thermal conductivity of a sample, three independent measurements were carried out. The thermal conductivity of analysed material was the mean value of the three measured results. The measurement methods and orders are clearly mentioned in our previous papers.
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The calculation procedure For evaluating the initial thermal conductivities ( 0 ) of the different EPS materials ¼ 0.42 (the so-called correction factor) was applied using the following equation with regard to the MSZ-04-140-2:1991 standard.
where measured is the measured thermal conductivity reported in Ref. 5 .
For calculating the change of the thermal conductivity of a given material in function of moisture content equation (3) can be used. 9 In this equation, is the predicted thermal conductivity, ! is the moisture content 5 and Z is constant and can be found in Table 1 (taken from Ref. 9 ). There are some investigations, measurements and simulations for predicting the thermal conductivity at given moisture content degree. Most of them present linear dependency, some of them present initially linear and then polynomial/exponential equation plots. 5, [10] [11] [12] By using the following equations, the thermal resistance of a given wall structure and the overall heat transfer coefficient can be calculated:
where i,e are the heat transfer coefficients on the surface, Table 1 and is the above-mentioned thermal conductivity. Therefore, the overall heat transfer coefficients can be calculated
Results and discussions U-values in function of moisture content
Before representing the calculations some assumptions have to be noticed: the values in the first and second rows of Tables 2 to 6 representing the sorped amount of water in function of the RH belonging to the different EPS materials. Here, the measured and previously introduced 5 moisture contents of the given materials can be found. For calculating the change of the thermal conductivities of the EPS, brick and concrete, the above-mentioned moisture content values were applied. By using these data values, equations (2) and (3), the thermal conductivities of the wetted EPS, concrete and brick materials can be calculated. It is feasible to calculate the overall heat transfer coefficients for the 0. Table 7 . One can see that thicknesses vary from 0.07 to 0.09.
As for results, we plotted our estimated values, in Figure 1 
where U and U 0 are the overall heat transfer coefficients after wetting and in dried state, m is the slope and ! is the moisture content one after the other. In these two cases (concrete and brick), all of the above-mentioned plastic foam insulators can be used. For choosing those the pros and cons can only be their prices or their resistance against the outer physical and mechanical effects. In Figure 2 , one can see the slopes (m) belonging to equation (6) 
The percentage change in the U-values
We calculated a percentage change compared with the greatest amount of sorped water by using the following equation and represented in Figure 3 Yð %Þ ¼
where U 95% is the overall heat transfer coefficients for the moisture content belonging to 95% RH and U 0 is the same value without any moisture for a given structure combination (e.g. 0.4 m Brick + 0.1 m EPS 150 etc.). Figure 3 shows that for similar moisture contents 
Conclusions
In this paper, we presented possible applications of different EPS materials as additional insulations. Five different EPS with 0.1 m thickness were tested (EPS 30, 100, 150, 200 and grey). These materials were combined with concrete and brick with 0.4 m thickness. We have shown that the change in the overall heat transfer coefficient of the wall structures is caused by, on the one hand, the water content and, on the other hand, the density of the insulating material. We verified that water causes greater increase in the U-value of the brick than the concrete's. The highest degradation degree can be found at the application of the grey EPS. It can happen by the 'nature' of this material. This grey EPS is pure polystyrene enhanced with carbon particles. Carbon has good absorber properties and it has relatively low density, so these two parameters can cause the great water adsorbing capability. Furthermore, we can conclude that about 0.5-1% water content can cause approximately 5-6% increase in the Uvalue of a wall structure with 0.5 m thickness.
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